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Mechanisms underlying cerebrovascular dysfunction in driving central
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Abstract: Cerebrovascular dysfunction has long been regarded as a secondary or accompanying phenomenon in central
nervous system (CNS) diseases. However, accumulating evidence from clinical, genetic, and experimental studies now
indicates that vascular abnormalities actively contribute to the initiation and progression of a wide spectrum of CNS disorders.
Cerebrovascular dysfunction, including cerebral hypoperfusion, disruption of the blood-brain barrier (BBB), impaired
transport and clearance across the cerebrovascular interface, and dysregulated vascular paracrine signaling, can profoundly
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disturb neural microenvironmental homeostasis, compromise neurovascular communication, and trigger maladaptive
neuroimmune and inflammatory cascades. These processes collectively accelerate neuronal dysfunction, compromise synaptic
homeostasis, and drive neurodegeneration. This review systematically summarizes the essential physiological roles of the
cerebrovasculature within the neurovascular unit (NVU), highlighting its contributions to neural development and the
maintenance of CNS microenvironmental homeostasis through tightly regulated BBB transport of nutrients and metabolites,
activity-dependent neurovascular coupling, and perivascular glymphatic clearance of metabolic waste. We then explore the
pathological mechanisms by which cerebrovascular dysfunction drives CNS disease across five core dimensions:
hemodynamic disturbances, which trigger neuronal energy crises, ionic imbalances, and excitotoxicity; BBB disruption,
which permits the infiltration of neurotoxic plasma proteins (e.g., fibrinogen, thrombin) and peripheral immune cells;
dysfunction of transport and clearance systems, leading to the accumulation of metabolic waste and pathogenic proteins such
as amyloid-p and Tau; aberrant vascular paracrine signaling, which disrupts the intercellular crosstalk essential for neural
development, synaptic plasticity, and inflammatory regulation; and neuroimmune inflammation, wherein vascular defects
initiate self-perpetuating cascades that accelerate neuronal death. Finally, we highlight the translational potential of the
cerebrovasculature as both a gateway for systemic interventions and an early indicator of CNS pathology. In the initial stages
of disease, high-resolution vascular imaging can reveal subtle vascular abnormalities, while spatial multi-omics approaches
map cerebrovascular heterogeneity to uncover actionable therapeutic targets. These macro- and micro-scale insights provide
the basis for emerging precision medicine strategies, from imaging-guided patient stratification to combinatorial interventions
aimed at restoring NVU integrity. Collectively, this review positions the cerebrovasculature as a key driver of CNS pathology
and a promising target for early diagnosis and disease-modifying therapies.
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Figure 1 Structural schematic of the NVU in different vascular segments

This schematic illustrates the structural organization of the NVU. Arteries and veins are connected via a capillary network, forming

the cerebral microcirculation. The vessel wall is continuously lined by endothelial cells, which are interconnected by tight junctions

that constitute the structural basis of the BBB. The arterial wall contains a well-developed smooth muscle cell layer, whereas the

venous smooth muscle layer is comparatively thin. Pericytes are distributed along the capillary wall. The outer surface of the vessels

is ensheathed by astrocytic endfeet, and the surrounding parenchyma contains neurons and microglial cells, among other cellular

components, collectively comprising the NVU.
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Table 1 Pathological mechanisms of CNS diseases driven by dysfunction of key BBB transporters
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Table 2 Pathological mechanisms of CNS diseases mediated by abnormal cerebrovascular paracrine signaling
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